Abstract. In the context of maritime boat ramps surveillance, this paper proposes an Adaptive Background Modeling method for Land and Water composition scenes (ABM-lw) to interpret the traffic of boats passing across boat ramps. We compute an adaptive learning rate to account for changes on land and water composition scenes, in which the portion of water changes over time due to tidal dynamics and other environmental influences. Experimental comparative tests and quantitative performance evaluations of real-world boat-flow monitoring traffic sequences demonstrate the benefits of the proposed algorithm.
Introduction
Background modeling has been studied for traffic surveillance in a variety of situations including: motorways [1] [2] [3] , road intersections [4] [5] [6] , car parks [7] [8] [9] [10] , swimming pools [11, 12] , and water channels [13, 14] , etc. In general, we categorize different types of scenes into two groups: land scenes and water scenes, as background dynamics in these contexts differ markedly. On land, the background is usually static, with little or no change in topography. In contrast, water scenes are intrinsically dynamic, as water is a reflective surface that moves continuously, often to varying degrees. The reflection of the sun on water, coupled with the unpredictability of waves caused by the wind, moving vessels (wakes) and tidal flows in the maritime environment creates situations where background modeling is far more challenging.
In the context of maritime boat ramps surveillance, we consider background modeling for a dynamic maritime environment, at the interface between the land and the sea. Fig. 1 shows an example of maritime boat ramp which our case study is based on. As seen, the region-of-interest (ROI), identified as a polygon contains both areas of land and water. The boundary between the water and land changes over time with the rise and fall of the tide. As a consequence, the distribution of water and land varies over time in the ROI, which makes background modeling in this case extremely difficult given the varying area of water and amount of light reflected from this water at differing times of day and sun angle. In this paper, we propose an Adaptive Background Modeling for Land and Water composition scenes (ABM-lw), for performing real-time traffic surveillance at maritime boat ramps. The proposed ABM-lw dynamically classify areas of an image as either land or water, given ancillary tidal height data so that different strategies can be adopted to model backgrounds on land and on the water, respectively. The impact of sunrise and sunset is also specifically considered by proposed ABM-lw, to allow for changes in outdoor luminance. In particular, the use of dynamic learning rate and intelligent updating rules for areas of land and water, respectively, significantly increases the robustness of ABM-lw method. We apply the ABM-lw to real 24-hour boat-flow analysis and counting system and compare it against existing methods for background modeling, the empirical results show that the proposed ABM-lw achieves better performance.
Proposed Background Modeling Algorithm
To cope with this extremely challenging land and water composition scene, we classify areas of each image as either land or water, given ancillary model data on predicted tidal height, so that different strategies can be adopted to model the background on land and on the water, respectively. The proposed ABM-lw has four main components:
(1) Separation of areas of land and water: determining the optimized boundary between areas of land and water given ancillary tidal height model data. (2) Background learning rate calculation: computing background learning rates for areas of land and water, respectively. (3) Accounting for the influence of sunrise and sunset: adjusting current learning rates by applying the sunrise/sunset pattern. (4) Background updating: computing background separately for land and water area, and updating the modeled background accordingly.
Before addressing the above main components, we introduce firstly the base model that we use to derive the proposed background modeling. Given {I t } t=1...T as current set of images in observation, and polygon R as the Region Of Interest (ROI). We introduce the following signum function of image pixels as,
-1 otherwise.
By (1), we are able to cast any image (or the same size matrix) and related calculations into the ROI block. According to [15] , the next background B t+1 is generated using the weighted average of the instantaneous background IB t and the current background B t :
